ABSTRACT BACKGROUND: Pneumothorax (PNX) is the collection of air between parietal and visceral pleura, and collapsed lung develops as a complication of the trapped air. PNX is likely to develop spontaneously in people with risk factors. However, it is mostly seen with blunt or penetrating trauma. Diagnosis is generally confirmed by chest radiography [posteroanterior chest radiography (PACR)]. Chest ultrasound (US) is also a promising technique for the detection of PNX in trauma patients. There is not much literature on the evaluation of blunt thoracic trauma (BTT) and pneumothorax (PNX) in the emergency department (ED). The aim of this study was to investigate the effectiveness of chest US for the diagnosis of PNX in patients presenting to ED with BTT
etal and visceral pleura, [1] and collapsed lung develops as a complication (a secondary event) of the collection of air. [2] PNX is likely to develop spontaneously in people with risk factors. However, it is mostly seen with blunt or penetrating trauma. [3] The rate of PNX prevalence in cases of blunt trauma is 15-50%. [4] Diagnosis is generally confirmed by chest radiography [posteroanterior chest radiography -PACR]. [3] The radiography performed when patient is in standing position is more conducive in detection of PNX. However, in most cases, chest radiography of trauma patients cannot be performed in standing position due to conditions such as the protection of cervical vertebras, hemodynamic instability, immobilization
INTRODUCTION
Pneumothorax (PNX) is the collection of air between pari-in case of orthopedic injuries, continuing resuscitation and/or altered state of consciousness. [5] In emergency departments, PNX might be left unnoticed at a rate of 7% to 30% with supine radiographs. [6] The gold standard in the detection of PNX is computed tomography (CT) scan. However, all trauma patients are not suitable for CT because of its certain disadvantages (e.g. transfer of critical patients to radiology department, long period of application, radiation and costs). [5, 7] Chest ultrasound is a promising technique for the detection of PNX in trauma patients. [8] Several studies have indicated that US has higher sensitivity and selectivity than direct radiography for the detection of PNX, [3, [9] [10] [11] and the reliability of US has been confirmed by CT in some series. [12] The number of studies, which concentrate only on the detection of PNX by chest US performed by emergency physicians in blunt thoracic trauma (BTT) patients, is low, [13] and the group of patients in these studies is also small. The current study was designed considering the need for more comprehensive studies in the field.
The aim of this study was to prospectively and blindly compare bedside chest US with other diagnostic methods (APCR, chest CT) in order to evaluate its effectiveness in the diagnosis of PNX in patients presenting to ED with BTT.
MATERIALS AND METHODS
In this single-blind, prospective, clinical study, we compared US, APCR and CT scan of the chest, used for the diagnosis of PNX in patients presenting to ED with BTT.
The study was carried out in the emergency department of a university hospital -a tertiary healthcare institution -with an annual patient number of approximately 50,000 after it was approved by the ethics committee of the university.
All patients aged 18 and over presenting to the ED with BTT, for whom chest imaging was considered as a requirement by the emergency physician, were included into the study after they read and signed the "Patient Information Form" and "Patient Consent Form". When the patients lacked the capacity to consent when they had altered state of consciousness, we relied on an authorized surrogate for consent. The indications of chest imaging are shown in Table 1 . The patients excluded from the study were those who were below 18, did not sign the informed consent form, were diagnosed with subcutaneous emphysema or tissue loss in the US scan, had already been diagnosed with a lung disease (pleural adhesion, pulmonary fibrosis, acute respiratory distress syndrome, bullous emphysema) and were immediately taken to surgery room due to a life-threatening condition and/or did not undergo chest imaging (US, APCR or chest CT).
The study was carried out between 15 May 2009 and 15 March 2010. For this study, Sonosite 5000 series portable USG device and 7.5 MHz linear probe were used. The patients were examined in supine position. The US probe was placed longitudinally, on the front chest wall in hemithoraces, 2 nd -4 th intercostal space on the midclavicular line ( Fig. 1 ) and 4 th -8 th intercostal space on the midaxillary line. The probe was moved longitudinally in order to identify the acoustic shadow of two adjacent ribs and the location of intercostal plane on the real-time image. The hyperechogenic pleural line between the shadows of two ribs was detected (Fig. 2a) . The criteria accepted to prove the presence of PNX were taken into consideration in the evaluation: non-presence of pleural sliding, lack of comet tail artifact, lack of seashore sign in Mmode and presence of stratosphere sign (Fig. 2b) . Patient demographics, duration of tests and test results were recorded.
Following the initial physical examination, the patients underwent chest US performed by an emergency physician trained in chest ultrasonography. Three emergency physicians took part in this study. Later, in accordance with their clinical conditions, the patients underwent supine APCR and/or chest CT.
In cases where PNX was detected and the patients were not clinically stable, needle thoracostomy (NT) and/or tube thoracostomy (TT) was performed. The presence of air bubbles in underwater drainage was considered as an evidence for PNX. In these patients, chest tube was deemed the gold standard. CT scan was performed in patients who had indications of thoracic trauma.
The patients who were diagnosed with PNX but were clinically stable underwent APCR in supine position. In cases where PNX was detected in APCR and the patients were clinically instable, needle thoracostomy (NT) and/or tube thoracostomy (TT) was performed. Chest US was performed in patients who developed indications. Chest CT was performed in the cases where PNX was detected in APCR and the patients were clinically stable. Chest CT was also performed in cases where chest US indicated PNX but APCR did not show PNX and the patient was clinically stable.
APCR was performed in cases where US did not indicate PNX but the patients had suspected PNX. In cases where PNX was detected and indicated as a result of APCR, NT and/or TT was performed. In accordance with the clinical conditions of these patients, chest CT was performed before or after thoracostomy. APCR was performed in cases where chest US and APCR did not show PNX but clinical suspicion continued. In cases where chest US and APCR did not show PNX and where PNX was not suspected clinically, the patient was transferred to the intensive care unit or to the relevant department in case hospitalization was required for any other condition. The patients, who were not required to be hospitalized due to trauma, were taken under observation in the ED. Twelve hours later; US and PACR were performed in these patients for control purposes. All patients in our study group,diagnosed with PNX as a result of all examinations and tests in the ED, were hospitalized in the intensive care unit or the service of the related department. The patients not diagnosed with PNX were hospitalized if they had additional problems. The patients without any additional disorders were discharged from the ED after observation for trauma. The evaluation plan of the patients is shown in Figures 3a, b. APCR and chest CT results were evaluated by a radiology specialist blind to the clinical results and chest US results of the patients. The evaluations of the radiology specialist were deemed the gold standard for the diagnosis with imaging tests.
Patient demographics, durations of the tests and the test results were recorded.
Primary Data Analysis
The Statistical Package for Social Sciences for Windows (SPSS) 17.0 was used for the statistical analysis of data collected in the study. In addition to descriptive statistics methods (frequency, percentage, mean, standard deviation), Pearson's chisquare test was used for the comparison of qualitative data. In order to examine sensitivity and selectivity, cross tables between two categorical variables were used. The results were evaluated bilaterally in confidence interval of 95% with the significance level of p<0.05.
RESULTS
During the period of this study, two hundred and sixtythree patients presented to the ED with BTT. The study was conducted with two hundred and twelve patients who complied with the predetermined inclusion criteria. Among the participants one hundred and forty-four (67.9%) were male and sixty-eight (32.1%) were female; and the mean age of the participants was 45.8±16.8 years. Chest US was performed on all two hundred and twelve patients (100%). Supine APCR was performed on two hundred and ten (99%) patients and chest CT was performed on one hundred and twenty (56.6%).
Furthermore, the periods between physical examination and radiological imaging were noted (Table 2) .
PNX was detected in twenty-five (11.8%) of 212 patients. PNX diagnosis was made by CT scan in twenty-four patients.
Since the condition of one patient was not stable, TT was performed before CT and the diagnosis of PNX was made upon the detection of air bubbles in underwater drainage. This patient then underwent chest CT. PNX area was observed.
PNX was detected by chest US in twenty-two (88%) of 25 patients diagnosed with PNX. One (0.5%) patient, who was considered to have PNX in chest US, was not diagnosed with PNX according to the gold standards. Statistical analysis showed that, for the detection of PNX, the sensitivity of chest US was 88%, specificity 99.5%, positive predictive value (PPV) 95.7% and negative predictive value (NPV) 98.4%. For the detection of PNX, the relationship between chest US and the gold standard procedures, clinical follow-up and chest CT, was found significant (p<0.05) ( Table 3 ).
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The dimensions of 3 PNX, which could not be detected in chest US, were small in chest CT (two of them 1% and one of them 5%). The dimensions of PNX, which were detected in US, were as follows: in twelve cases <10%, in eight cases 10-60%, in two cases >60%.
Out of the twenty-five cases of PNX diagnosed according to the gold standards, 15 (60%) could not be detected in APCR. For the diagnosis of PNX, compared to clinical follow-up and chest CT, the sensitivity of APCR was 34.8%, selectivity 100%, positive predictive value 100%, and negative predictive value 92.6% (Table 4) .
DISCUSSION
Chest traumas constitute one third of the cases hospitalized due to trauma. [14] Until the age of 40, chest trauma constitutes 20-25% of the causes of deaths due to trauma and the mechanism of injury is blunt in 70% of the cases. [15, 16] PNX is encountered in 15% to 50% of cases of blunt trauma. [4, 17, 18] The rate of bilateral PNX was reported to be 8-10%. [17, 18] In the results of our study, the rate of PNX due to BTT was 11.8%. In 52% of these cases, PNX developed in the right, in 44% it developed in the left and in 4% it developed bilaterally.
In the literature, there are a few studies on the duration of imaging techniques used in pneumothorax. [17, 19, 20] In the study of Mao et al., the average duration of US has been 2.3±2.9 min., APCR 12.4±6.7 min. and chest CT 16.3±7.8 min. In our study, the duration of US imaging was longer than the duration reported in the study of Mao et al. The reasons for this difference are as follows: there is only one US device in the ED where this study was conducted; more than one patient who needs US imaging might be presented in the ED at the same time; and US device is kept in an area other than the trauma room. The reasons for longer duration of APCR are as follows: there is not a portable x-ray device in the ED; the patient is taken to a radiology unit outside of the patient care area for the scan; more than one patient who needs x-ray scan might be presented in the ED at the same time; and the device in the radiology unit might sometimes be out of order. In our study the average duration for CT was also longer as compared to the study in the literature. The reasons for this difference are as follows: The patient is taken to the radiology unit, which is located 200 m far from the ED, for the scan; the radiology physician must be called and informed before the CT scan; and there might be another patient in the CT room when the scan is requested for a patient in the ED.
The advantage of chest CT in the diagnosis of PNX is unquestionable. However, chest US is also a useful technique with advantages such as bedside applicability, lack of radiation, being non-invasive, swiftness, cost-effectiveness and being repeatable. That US is user dependent and requires experience constitutes a disadvantage in its use for PNX diagnosis. In the literature, there is no study indicating the minimum number of chest US examinations required for eliminating user-related mistake of US. However, the American College of Emergency Physicians' guides indicate that at least 25-50 chest US examinations are required to gain competence in this field. [13] In our study, all physicians were trained to use chest US for PNX diagnosis and each had already performed minimum 150 chest US examinations before our study. It is accepted that the effectiveness of US would increase if US is performed and interpreted by the physician who examines the patient. [21, 22] Therefore, in our study, chest US was performed by the physicians who also examined the patients.
The use of US for PNX diagnosis in human beings was first mentioned in a study conducted by Wernecke et al. in 1987 . [23] The sensitivity, selectivity, PPV and NPV of chest US and chest radiography in PNX diagnosis were also evaluated in some studies in the literature. [17, 18, 24, 25] In our study group, for the detection of PNX, the sensitivity of chest US is 88%, specificity 99.5%, positive predictive value 95.7% and negative predictive value 98.4%. For the detection of PNX, the sensitivity of APCR was 34.8%, selectivity 100%, positive predictive value 100%, and negative predictive value 92.6%. These values are compatible with the literature for both US and chest radiography. Our study shows that chest US has high sensitivity and selectivity in the detection of PNX in patients with BTT.
Hidden pneumothorax -a radiological concept -is PNX that cannot be detected in ordinary radiography but requires chest CT for detection. [26, 27] Hidden PNX incidence was 3.7% in trauma children presenting to the ED and was 64% after TT in multitrauma patients. [28, 29] Hidden PNX diagnosis was reported in 54.8% of chest trauma cases. [18] In our study, out of the twenty-five PNX diagnoses, 15 (60%) could not be detected in APCR and 3 (12%) could not be detected in US. In these three patients, PNX in chest CT was small and regarded as hidden PNX.
The use of chest US in the detection of PNX has scientific grounds. [6] Liechtenstein has edited the studies that detect static and dynamic US findings of PNX. [30] The lack of pleural sliding sign and comet tail artifact has been reported to be diagnostic for PNX. [6, 30] In our study, we also considered the lack of seashore sign and presence of stratosphere sign for the diagnosis of PNX in addition to these two diagnostic findings. Despite high accuracy rates of US, the lack of pleural sliding sign may occur without PNX in clinical conditions such as pulmonary fibrosis and severe pulmonary contusion. This may cause false positive results. [25] In our study, one patient did not have pleural sliding and seashore signs and had stratosphere sign in US. However, there was no PNX in APCR and chest CT. We found that the patient had pulmonary contusion, thus this case was revaluated as a false positive result.
Conclusion
PNX is a life-threatening clinical condition that makes its early diagnosis and treatment essential. Chest CT scan, which is the gold standard for PNX diagnosis, cannot be applicable for all trauma patients. Therefore, in most cases, the diagnosis is confirmed by chest radiography. Our study shows that chest US is a better method to diagnose PNX compared to APCR. Our study also proves that US is more reliable in the ED for the detection of PNX which cannot be detected in chest radiography.
Although chest US has not been preferred as frequently as chest radiography for the diagnosis of PNX yet, it is an important method for early bedside diagnosis of PNX, particularly in cases of clinically unstable patients.
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